Abstract: Lanthanum chloride was found to be an effective catalyst for the facile and one-pot synthesis of polysubstituted imidazoles under solvent free condition in excellent yields. This method elucidates urea/thiourea, as an environmentally benign source of ammonia for the synthesis of polysubstituted imidazoles. The work-up procedure is very simple and the products don't require further purification.
Introduction
Imidazoles, an important class of heterocyclic compounds, are well documented for both their biological activity as well as chemical properties. They are known to exhibit a wide range of biological activities such as p38, MAP kinase, B-Raf kinase, cyclooxygenase-2 (COX-2), and interleukin-1 (IL-1) inhibition. 1-4 Appropriately, substituted imidazoles are extensively used as canabinoid receptor antagonists, antibacterial and anti-tumor agents, pesticides and also modulators of P-glycoprotein (P-gp)-mediated multidrug resistance (MDR). [5] [6] [7] So far, several synthetic methods have been reported for the preparation of 1,2,4,5-tetrasubstituted imidazoles, in which aldehydes ,1,2-diketones , urea/thiourea , and amines condensed in the presence of several catalysts. Several catalyst have been used in the most common synthetic methods involve: molecular iodine, 8 heteropolyacid, 9 HClO4.SiO2, 10 BF3.SiO2, 11 FeCl3.6H2O, 12 silica gel/NaHSO4, 13 and L-proline. 14 The application of microwave irradiation in organic chemistry is increasingly recognized in recent years. Also microwave-promoted solid-phase heterogeneous reactions have become popular among synthetic organic chemists because of their higher degrees of selectivity, enhanced reaction rates as well as manipulative simplicity. Moreover this method has emerged as a powerful technique to promote cyclocondensation reactions in imidazoles preparation. 15 Recently, the solid-phase synthesis of aza heterocycles using urea/thiourea as an efficient source of ammonia under microwave irradiation it has been reported. 16 Knowing the importance of microwave-promoted solid-phase heterogeneous reactions, application of urea/thiourea as an efficient source of ammonia under microwave irradiation and usage of lanthanum chloride as a catalyst in several reactions, 17 we have focused on improving the synthesis of polysubstituted imidazoles bearing in mind new synthetic methodologies.
In this letter we report a facile synthesis of polysubstituted imidazoles 5a-i in 82-94% yields via a one-pot, four-component reaction between 1,2-diketones 1,aldehydes 2, urea/thiourea 3, and amines 4 under solvent free condition in microwave irradiation (Scheme 
Experimental
All Chemicals were obtained from Merck and Aldrich chemical companies. All reactions were monitored by thin layer chromatography (TLC) using silica-coated plates. All of the products were identified by comparison of their physical and spectral data with those of authentic samples. IR spectra were recorded on a Jasco IR-680 spectrophotometer.
1 H NMR spectra were achieved with a Bruker-Arance AQS 500.1 MHz. The 13 C NMR spectra were recorded in DMSO-d 6 on a Bruker-Arance spectrometer operating at 125.8 MHz.
General procedure for the preparation of 1,2,4,5-tetrasubstituted imidazoles
A mixture of benzil (1 mmol), urea/thiourea (2 mmol), appropriate aldehyde (1.2 mmol), appropriate amine (1 mmol) and lanthanum chloride (35 mmol%) were placed in an Erlenmeyer flask. The mixture was placed in a microwave oven and irradiated for a 4 min at a time. After each irradiation reaction mixture was removed from the microwave oven for shaking and checking by TLC. The total period of microwave irradiation was determined by TLC. After reaction completion, ethanol was added to the reaction mixture and catalyst was removed by filtration. The filtrate was poured into the crushed ice water and the resulting precipitate was purified by silica gel short column with n-hexane-ethylacetate(1:2) as eluent. 
2-(4-Nitrophenyl)-4,5-diphenyl-1-p-tolyl-1H-imidazole (5d)
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Results and Discussion
Initially, in order to optimize the catalyst, the reaction of benzaldehyde, benzil, urea/thiourea and aniline were screened in the presence of different Lewis acids (35 mol%) in solvent-free conditions and under microwave irradiation (Table 1) . Reaction condition: Benzaldehyde (1.2 mmol), Benzil (1mmol), Urea/thiourea (2 mmol) and aniline
(1 mmol) in presence of catalyst. The experiments were performed using a microwave oven (ETHOS 1600, Milestone with a power of 600 W specially designed for organic synthesis) at 150 °C.
b Isolated yield after recrystallization.
Thus a mixture of a benzil 1, an aldehyde 2, urea/thiourea 3 and an amine 4, in the presence of lanthanum chloride undergo solvent free reaction under microwave irradiation (Scheme 1).a four-component reaction to afford polysubstituted imidazoles (Scheme 1, Table 2 ).
1 H NMR analysis of the reaction mixtures clearly indicated the formation of the corresponding imidazoles 5a-i in excellent yields. All products were characterized by 1 H and 13 C NMR spectroscopy and by comparison of their spectral data and melting point values with those of the authentic samples reported in the literature. Results of these successive reactions are shown in Table 2 .
A mechanistic rationalization for the reaction is provided in Scheme 2. In this pathway the lanthanum chloride activates the carbonyl groups to promote the reaction. 
Conclusion
In conclusion, we have developed a facile and novel strategy for the preparation of polysubstituted imidazoles which are of potential synthetic and pharmacological interest. We have successfully demonstrated the utility of urea/thiourea as an environmentally benign source of ammonia for imidazole synthesis under microwave irradiation. The utility of urea/thiourea as a source of ammonia represents an alternative and novel method for imidazole synthesis with respect to known methodologies using ammonium acetate. Use of commercial materials, solvent-free conditions, short reaction times, excellent yields of the products are the main advantages of this method.
